Cementless acetabular components are associated with a significant incidence of polyethylene wear and secondary osteolysis. 3-dimentional (3-D) porous coating and enhanced shell to a liner fixation are expected to reduce the polyethylene wear and to increase the longevity of an acetabular cup. The authors report the early clinical outcome with a cementless acetabular cup, Regenerex Ringloc+ (Zimmer Biomet, Warsaw, IN) for total hip arthroplasty. Between 2007 and 2013, the registry with 476 hip joints was reviewed retrospectively. There were 210 (48.4%) female and 224 (51.6%) male patients. The average age of the patients at the surgery was 63.9 (± 12.0) years and the average follow-up period was 2.6 years [0.5, 6.5]. At the final follow-up, there was no loosening or cup failure. There were 2 infections, 1 dislocation and 1 liner fracture, resulting in revision hip surgery. Average Harris hip score improved from 53.9 preoperatively to 91.4 postoperatively. The survivorship of Regenerex Ring Loc+ cup and the low complication rate is comparable with previous studies using other 3-D porous metal prostheses. Although this short-term outcome from the institute is very encouraging, a longer follow-up study is required.
Introduction
Cementless acetabular cup in total hip arthroplasty (THA) has evolved during the past few decades [1] . Many modern cementless acetabular cup designs and materials have shown excellent rates of bone ingrowth and longevity [2] [3] . Despite this evolution, acetabular cup loosening has been reported as the primary reason for revision THA [4] . This loosening usually occurs as a result of implant fixation failure and manifests as a motion between the prosthesis and bone. To enhance the biological fixation of these implants, most cementless acetabular components have added various porous coatings like those manufactured by sintering cobalt-chrome or titanium beads and the use of diffusion bonding of titanium fiber wires [5] . Pelvic osteolysis seen around cementless cups was attributed to the polyethylene wear debris resulting from micro motion between the nonarticulating side of the polyethylene liner and the interior of the metallic shell (backside wear). The Regenerex Ring Loc+ (Zimmer Biomet, Warsaw, IN) is an acetabular cup with a 3-dimentional (3-D) porous coating and an enhanced fixation of shell to a liner.
Regenerex refers to its 3-D porous coating and has been reported to show a high primary stability due to the scratch-fit (Figure 1) . It also has a secondary stability due to osteogenesis and bone ingrowth into the porous titanium [6] . Ring Loc+ is an improved shell to liner connection system with a spring-loaded ring clamp that was previously adopted for the Ring Loc (Zimmer Biomet, Warsaw, IN) acetabular shell with more than 15 years (Figure 2 ) [7] . This prosthesis is sometimes used for revision hip surgery due to its highly stable fixation to an acetabulum with various augmentations [8] , but the authors mainly used this for primary hip surgery expecting better bone ingrowth and longer survivorship. There are only two reports in the literature regarding the clinical outcome with this prosthesis type [8] [9] . This study reports the early clinical outcome following cementless 3-D porus metal cup in total hip arthroplasty from a single institute.
Patients and Methods
The registry in the institution was reviewed retrospectively, 476 primary cementless THAs with the Regenerex Ring Loc+ acetabular cup between 2007 and 2013. The average follow-up time was 2.6 years [range: 0.5, 6.5]. Indications for THA were primary osteoarthritis in 435 hips, rheumatoid arthritis in 4 hips, osteonecrosis in 9 hips, femoral neck fracture 5 hips and others in 25 hips. There were 210 (48.4%) female and 224 (51.6%) male patients. The average age of the patients at the surgery was 63.9 (± 12.0) years [range: 30, 92]. All the cases were performed by board certificated experienced surgeons in the author's institute. Prior institutional review board approval was obtained by the IRB of this institution.
The Regenerex Ring Loc+ shell is a porous titanium construct (average porosity of 67%) available in 10 sizes (from 54 to 72 mm in 2 mm increments), each with multiple, limited screw holes or solid hemisphere without holes. The authors used all types of cups with or without screws. This prosthesis is designed to offer the option to stack augments in the most complex cases but the authors didn't use any augments.
Clinical evaluation was based on Harris hip score from the individual function scores and pain scores. All patients returned for follow-up at approximately 6 months, 1 and 3 years postoperatively. At each follow-up, patients were examined and assessed for surgical complications, including prolonged wound drainage, hematoma formation, superficial or deep infection.
Results
At the final follow-up, 357 out of 476 hips were followed as scheduled. The minimum follow-up time was 6 months and the maximum was 6.5 years. The average follow-up time was 2.6 years. There was no Regenerex cup failure and the survivorship with aseptic loosening as the endpoint was 100%. The average Harris hip score improved from 53.9 (± 14.9) points preoperatively to 92.4 (± 9.4) points postoperatively. The average postoperative pain score was 41.1 (± 5.8), and the average function scores were Gait 9.9 (± 2.1), Walk 9.8 (± 2.3), Stairs 2.9 (± 2.1), and Range of Motion 4.7 (± 0.3) points. There were 2 infections, one dislocation and one inner polyethylene liner fracture.
One patient, a 40-year-old woman, had a polyethylene liner fracture 11 months after the initial surgery. The implanted cup was stable and firm but the inner locking was damaged. She was diagnosed by a secondary osteoarthritis after traumatic hip injury. She was a rather high risk patient as she has some other comorbidity such as reflex sympathetic dystrophy.
The authors used solid cups without screws for 363 hips, 1 screw in 57 hips, 2 screws in 43 hips, 3 screws in 11 hips, and 4 screws in 2 hips. There were 20 auto-bone grafts and 1 allo-bone graft.
Discussion
Cementless acetabular cups for primary THA have had excellent outcomes, with failure rates typically less than 5% for short-to mid-term follow-up [10] - [14] . In this study, the short-term survivorship of a new porous titanium cup demonstrated an excellent result in primary THA for the treatment of various hip arthritis etiologies. Regenerex Ring Loc+ cup showed 100% survival with no aseptic loosening of the component. The clinical outcomes including Harris hip score were comparable to those reported previously for other highly porous metal components ( Table 1) .
The second generation porous metal acetabular components are roughly divided into 2 materials; tantalum and titanium. Porous Tantalum such as Trabecular Metal (Zimmer Biomet, Warsaw, IN) was introduced since late-1990s and both short-term and mid-term outcomes with this prosthesis were excellent [10] - [12] . On the other hand, porous titanium or porous coating titanium such as Gription (Deputy, Warsaw, IN), Tritanium (Stryker, Mahwah, NJ) and Stiktite (Smith and Nephew, Memphis, TN) as well as the current prosthesis Regenerex have been used since mid-2000s [13] [14] . Those prostheses have rougher porosity to get the initial stability. They also possess higher pore size ranging 100 to 600 μm to induce cell migration and bone ingrowth. Gruen et al. demonstrated that the outcomes of 414 porous tantalum cups (Trabecular Metal) which had a 100% survivorship at 2-year follow-up [10] . Macheras et al. experienced 151 hips with porous tantalum monoblock acetabular component at 8-to 10-year follow-up and no component was revised or needed revision [11] . Naziri et al. reported 100% survivorship of 288 THAs with a 3-D porous titanium cup (Tritanium) at up to 5-year follow-up [13] . The advantage of porous materials is their ability not only to provide a primary stability due to the scratch fit, but also to allow long-term implant stability related to bone ingrowth (osteoinductivity). The Regenerex shell is 16% rougher than other highly porous metal cups [7] . Small et al. demonstrated that Regenerex made 23% to 65% improvement in initial stability compared to plasma-sprayed cups [6] . But in a randomized trial with another cup (Stiktite), Naudie et al. reported that both a sintered bead porous surface and a 3-D porous titanium surface had great stability studying X-rays, and that there was no significant difference between the two after 2 years postoperatively [14] . Longer follow-up would show the difference due to the improved bone ingrowth and secondary stability.
Every new implant for joint arthroplasty needs long-term follow-up. Although a highly porous ingrowth surface, which increases the surface area of potential bone contact and improves cup stability, look like ideal conditions initially, Kleinhans et al. experienced significant third-body wear using a CoCrMo porous metal acetabular cup 8 years postoperatively [15] . No polyethylene wear or third-body was seen so far, and there was no damage report about porous tantalum or titanium acetabular cup.
In this study, there was one revision case for a polyethylene liner fracture and damage to Ring Loc+ locking system. A cementless modular acetabular titanium cup with a ring clamp was introduced as Ring Loc cup since the mid-1990s, and Olof et al. reported excellent outcomes with this cup and its liner as 98% survival with 15 years follow-up [16] . Isaac et al. experienced 3 liner fractures out of 58 THAs with this Ring Loc cup up to 13 years follow-up [17] . In the current Regenerex cup, Ring Loc was improved with a more secure lock/unlock system, an extended rim and a larger apical hole to check the liner fit. This acetabular system does include a polyethylene liner and it may still retain some aspects leading to a liner fracture, though the incidence is not high.
There are several limitations in this study. First, it was not a prospective study and there is no control or matching group, so the authors can only compare the current outcomes to the past reports. Secondly, the indication of the surgery was not clear. 5 surgeons in the authors' institute used this prosthesis for primary THA, and the authors used it for both young active patients and elderly osteoporotic patients. The variability of number of screws used in the cup or bone grafts represents the wide spectrum of acetabular deformity. Although the follow-up is not long enough to judge the superiority of this prosthesis, the results are promising and longer follow-up studies will make a valuation.
Conclusion
Early clinical outcomes were successful with Regenerex Ring Loc+, a 3-D porous titanium acetabular cup. The survivorship with loosening of the cup as the endpoint was 100% during the follow-up time. There were one infection and one polyethylene liner fracture resulting in the revision surgery. Although further follow-up is necessary, the results are encouraging.
